S_mmary The West Midlands Regional Children's Tumour Research Group holds high-quality data from 1957 on all childhood cancers in the West Midlands Health Authority region. Since it has been reported that malignant germ cell tumours are increasing in incidence in the north-west of England, we undertook to examine rates in this region and to map the distribution of cases in order to assess any geographical changes in incidence rates. We identified a total of 102 malignant germ cell tumours (MGCTs) between 1957 and 1992.
Tumours of germ cell origin constitute a relatively small but important group of childhood tumours. The germ cells are the precursors of the sperm and egg cells of the gonads. Germ cells, being totipotential, are capable of giving rise to fetal, embryonal or adult tissue, which results in the wide variety of histological patterns seen in germ cell tumours. The major subtypes include teratoma (benign or malignant), embryonal carcinoma, germinoma/seminoma, endodermal sinus (yolk sac) tumour and choriocarcinoma. Germ cell tumours have a unique anatomical distribution in that the natural location of these cells is in the testes and ovaries. However, tumours can also arise in extragonadal sites, including the sacrococcygeal region, anterior mediastinum, neck, retroperitoneum and the brain.
The West Midlands Regional Children's Tumour Research Group (WMRCTRG)* is a specialist regional registry, collecting data on all malignant, intracranial and selected benign tumours diagnosed in children aged less than 15 years resident in the West Midlands Health Authority region (WMHAR). The objectives and methods are described in detail elsewhere (Muir et al., 1992) , but ascertaiment is derived from multiple sources, with careful checking and collation of the data. For this study, we chose to investigate the incidence of malignant germ cell tumours (MGCT) in the region over a 36 year period, in order to assess whether this is increasing, as has been suggested in another region of the UK . We also undertook to examine the geographical distribution of the cases to investigate whether there was any pattern to their spatial distribution.
Materhi and mthod
All cases of malignant germ cell tumours (MGCTs) diagnosed between 1957 and 1992 in children resident in the WMHAR aged less than 15 years were identified from the records of the WMRCTRG for inclusion in this study. Clinical details were abstracted from hospital case notes, supplemented by data from the regional cancer registry files, and follow-up information was obtained by writing to general practitioners if the child had been discharged from hospital follow-up. Information on family history and parental occupation at the time of diagnosis was obtained from the same sources.
All cases were subject to pathology review by a panel of three specialist paediatric pathologists in order to verify the diagnosis. In the cases where there was no material available for review, the details were scrutinised by the senior pathologist (AHC) and clinician (JRM) and the diagnosis confirmed or rejected on the available evidence.
Annual age-standardised incidence rates (ASRs) were calculated by the direct method (Parkin et al., 1988) using quinquennially age-grouped population figures, derived from mid-year population estimates produced by the West Midlands Regional Health Authority. Changes in the incidence trend of these ASRs were assessed using simple linear regression (Armitage and Berry, 1987) and also a cumulative sum (Cusum) technique (Wetherill, 1977) .
In addition, in order to assess possible temporal changes in incidence in detail, we chose a priori to divide our 36 year time period into two 18 year groupings (1957-74 and 1975-92) .
Geographical analysis was carried out based on the postcode of the patient's address at diagnosis, which was then assigned to health district (HD), this being the smallest unit for which consistent population figures were available for the entire time period.
The West Midlands County was created in 1974, incorporating Coventry into the existing West Midlands conurbation (Byrne, 1983) . Before that year, the boundaries of the WMRHA were coterminous with the shire counties for which population data are available. In order to investigate the incidence in more detail, we examined the rates in two areas of contrasting environments, broadly encompassing the highly populated, industrial areas of the conurbation and the surrounding largely rural areas. (The individual health districts which make up these two regions are shown in Figure 3.) This represents a predefined and recognised clasification, and as such is preferable to the use of ad hoc, localy defined categories, which are open to greater subjectivity. The use of this predefined clafication also avoids potential data-diven groupings.
Since population figures were not available annually for each of the 22 HDs in the WMHAR, ASRs were calculated using the average population figures (i.e. the ASR for the first 18 years was based on the average from the 1%1 and 1971 censuses and that for the second used the 1981-91 average). Comparisons were made between the local HD rates which constituted the two categories in the two time periods using the Wilcoxon rank-sum test (Siegel and Castellan, 1988) .
In order to investigate individual HDs, comparison was made between the observed numbers of cases and the expected (based on the average regional rate). The rate from period 1 was used for these calculations in order to assess potential increases in period 2.
Rests

Incidence
Tere were 102 malignant germ cell tumours diagnosed between 1957 and 1992, giving a mean ASR over the whole period of 2.61 per million per year. The incidence increased significantly as assessed by simple linear regression over the whole time period (P for slope = 0.004) ( Figure 1 ) and was seen to increase from an average ASR of 1.61 per million in the first period (1957-74) to 3.6 per million in the second (1975-92) (P= 0.0004). Cusum analysis of the data is shown in Figure 2 , which demonstrates the changes reported above.
Endodermal sinus or yolk sac tumours (YSTs) were examined separately, owing to the relatively large numbers available for analysis (51/102) , and also showed a signifant increase between the two periods from 0.8 per million per year to 2.1 per million (P =0.004). Table I , where it can be seen that YST was the largest tumour group (50%). Of the 20 germinomas, ten were intracranial and there were no seminomas (tesicular germinomas) in this series. As described earlier, the natural location for ger cells is the ovary and testis, and Table I also shows that these were the most common sites. A large increase was seen in the number of ovarian tumours in the later period of the study, from seven to 21, with a smaller rise seen in testicular tumours, from 14 to 21. The three other gonadal tumours (one YST, two germinomas) occurred in the dysgenetic gonads of three phenotypic sisters with 'testicular feminisation'. This family has been reported previously (Mann et al., 1983) . No other families with more than one affected member were observed. There were three cases of gonadoblastoma in the dysgenetic gonads of girls with XY gonadal dysgenesis who would probably have gone on to develop malignancy if they had not had prophylactic surgery, but these cases were not included in the present study since the condition is not in itself malignant.
Age and sex Sex distribution was unremarkable, being almost equal (50 M, 52F), apart from the sacrococcygeal site, where 8/10 occurred in femals. Only 11% tumours were diagnosed in the first year of life (11/102). When the overall age distributlon was analysed by the conventional quinquennial age groupings, the largest number of patients (57%, n = 58) was found in the 0-4 year age group, with 13% (n = 13) aged 5-9 years and 30% (n = 31) aged 10-14 years. In order to assess if the increase in incidence was seen in specific age groups, we examined the difference in age-specific rates between the two periods of the study. There was a signifit increase in incidene in the oldest chidren in the second period from 0.6 to 4.1 per million per year (P=0.0002), which was largely accounted for by the increase in ovarian tumours. There was also a smaler, but still significant, increase in the youngest childrn from 3.1 to 5.5 per million per year (P= 0.04). The increase in the 5-to 9-year-olds was not signifcnt (0.7 to 1.2), although this may be accounted for by the smaller numbers in this age group.
Tumours occurred in all sites in the younget childen, Although the frequency increased in Asian patients between the two periods, from one case in the first to 12 in the second, no statistical comment is possible since the number of Asian families in the region also increased over this time period with the expansion of immigration. Since first-cousin marrage is common m certan Asian communities (Black, 1991) and may be of genetic relevance, we attempted to ascertain information relating to consanguinity, but were only successful in 5/13 families, in which it was not present.
Paternal occupation
In only 69/102 (68%) cases were we able to ascertain the paternal occupation at the time of the child's diagnosis. Five fathers were unemployed and two deceased (neither from cancer). Of the known occupations, 74% (n = 46) were manual. Industrial grouping of the recorded occupation was more difficult to undertake on a retrospective basis, but preliminary examination suggested that 23% (14/62) of the occupations of the working fathers were connected with metals. The second most frequent occupation was 'driver', found in 1 % of fathers (n = 7). However, the small numbers and incompleteness of data preclude further comment.
Geographical distribution
For the purpose of geographical analysis, only 100 of the 102 cases were used. The three sisters with tumours of dysgenetic gonads were counted as one incident case for their area, since the known familial basis of this condition (Mann et al., 1983) precludes them from being considered as geographically independent individuals. The cases were mapped by their postcodes, which were available for 98/100 eligible cases; the two other cases could readily be assigned to their HD from the address alone.
In order to examine the geographical distribution of the observed temporal increase, we compared the two time periods in terms of those HDs making up the West Midlands conurbation vs those outside it. It was seen that, while the average ASR in the non-conurbation HDs remained constant (from 2.1 to 2.2 per million per year), there was a significant increase in the HDs within the conurbation (from an average of 1.4 to 4.5 per million per year, P= 0.01), as shown in Figure 3 .
To investigate further the individual HDs for increase in rates, we calculated the significance level of observed frequency vs expected (on the basis of the regional average). The results of the comparison between observed and expected numbers (based on the average rate from period 1) revealed six HDs with statistically high observed counts, as shown in Figure 4 . Five were located within the conurbation, three of which were contiguous HDs in the city of Birmingham, the other two being Coventry and Dudley. The sixth significant result was found for North Staffordshire, outside the conurbation.
The overall incidence rate of MGCT of 2.6 per million per year in the West Midlands during 1957-92 is slightly higher than the 2.2 reported by Birch et al. (1980) for their 24 year period 1954-77 in the north-west region.
In the first half of our study period, we found an average rate of 1.6, which is similar to the rate for an equivalent time period, as shown in Figure 2a reported by Birch et al. (1982) at the beginning of their study. It is also comparable to the rates of 2.0 and 1.7 quoted by Draper et al. (1982) for Great Britain 1962-70 and 1971-74 respectively. The average rate increased to 3.6 per million per year in the second half of our study, again corresponding to the rise noted in the north-west.
Recent national results from a similar period have also confirmed these findings (Mann and Stiller, 1994) , with increases from 1.9 per million per year to 2.8 in males and from 2.2 to 2.8 in females (extracranial sites only).
Since thorough and systematic attempts have been made at complete ascertainment of all malignant tumours in both the West Midlands and the north-west since the early 1950s, it is unlikely that increasng ascertainment is responsible for the observed increase in incidence. Similarly, since the cases in both studies were subject to pathology review, it is also unlikely that the increase demonstrated is due to changes in diagnostic or pathological procedures. We suggest, therefore, that the observed increase is real.
The significant increase observed in the 0-4 age group was largely due to a small increase in the number of testicular tumours, which are the commonest form of tumours found in this age group. The incidence of testicular tumours in adults has been shown to be rising worldwide (Waterhouse, 1985; dos Santos and Swerdlow, 1991) , and our findings indicate that this is also the case in the paediatric setting. The significant difference in rates in the 10-14 age group between the two time periods was largely accounted for by the increase in ovarian tumours. This rising incidence contrasts with the finding of La Vecchia et al. (1983) that there was no increasing trend in incidence of childhood ovarian tumours in general, although, since their study closed in 1978, they were not in a position to observe any later increase. It has since been shown that the incidence of ovarian tumours in adults is increasing in the UK (Walker et al., 1984; dos Santos and Swerdlow, 1991) and our observed increase, confirmed in the national study by Mann and Stiller (1994) , indicates that this trend is also present in children. It may be linked to the age of menarche, which has been gradually decreasing worldwide over the century (Falkner and Tanner, 1978; Wellens et al., 1990; Rosenberg, 1991) .
The signiicant increase in the inidence of YST in the West Midlands is similar to that found by Birch et al. (1982) in the North-West Health Authority region, which was also first apparent from 1973. La Vecchia et al. (1983) (Webber and Craig, 1978) .
The geographical distribution of our cases shows that the increase is almost entirely seen in the West Midlands conurbation, which suggests that some aspect of this type of environment could be responsible for this particular increase. When investigated further by assessng the individual HDs for a significantly increased observed frequency compared with that expected on the basis of the average regional rate (derived from period I to indicate those areas that had significantly increased in period 2), we observed six significant HDs. A possible partial explanation for these six positive results could be multiple testing, but as the P-values were highly significant this explanation is unlikely to account for all of these observations. No formal adjustments, e.g. the Bonferroni procedure (Altman, 1991), were made due to the recognised conservative nature of these procedures. It is pertinent to observe that five of these HDs are within the West Midlands conurbation and three are contiguous. The sixth significant HD is North Staffordshire, which, although outside the conurbation, is the single HD which could most readily be considered incorrectly grouped by the official classification employed above, since it is an urbanised/ industrial area. These results therefore suggest that urban and/or industrial factors may be involved.
The aforementioned increase in ovarian tumours may be related to the suggestion that girls living in urban environments mature earlier than their rural counterparts (Rosenberg, 1991) , probably owing to social and psychological pressures. This, considered in addition to the generally decreasing age of menarche, could also be a factor contributing to the excess seen in our urban areas, particularly of ovarian tumours, whose aetiology may be linked to hormonal development.
The suggest excess of MGCTs in Asian children could be due either to the factors discussed above or to additional ethnic genetic influences. All but one of the Asian children were resident in the conurbation, and all but one was diag- In conclusion, our results show that the incidence of MGCTs is increasing in the WMHAR. This increase has now been observed independently in two regions of the UK as well as on a national basis, which strongly indicates that there has been a genuine rise in the incidence of these tumours. The increase has been noted almost entirely in the urban/industrialised areas of our region, and therefore environmental factors may be suggested, although other possible aetiological explanations must also be considered, including earlier hormonal maturation and ethnic influences. It would also be interesting to seek confirmation of this urban effect in other datasets. Further investigation of these possible aetiologies in individuals would need to be undertaken, using a case-control design to elucidate further their potential role. Data obtained from the current United Kingdom Childhood Cancer Study (UKCCS), a large national case-control study due to be completed in 1996, may shed more light on these factors.
